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A study on the Tool Path Generation of High-Speed Machining
by the Distortion of Original Tool Path
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IL Abstract |

Recently many investigations have been studied on the high-speed machining by using machine
tools. A CNC machine tool makes some tool path errors caused by software accelera-
tion/deceleration. The faster a cutting feedrate is, the bigger the tool path errors are. Some known
methods reduce these kinds of errors, but they make the total cutting time increased.

This paper presents a feed-forward algorithm that can be generated by distorting the original tool
path, and reduces the tool path errors and the total cutting time. The algorithm to generate a new
tool path is represented as following: 1) calculating each distance of software acceleration/decelera-
tion between two adjacent blocks, 2) estimating the distorted distance which is the
adjacent-ratio-constant(K:;, Kz) multiply the distance of software acceleration/deceleration, 3)
generating a 3-degree Bezier curve approximating the distorted tool path, 4) symmetrically
transforming the Bezier curve about the intersection point between two blocks, and 5) connecting
the transformed Bezier curve with the original tool path.

The algorithm is applied to FANUC OM. The study is to promote the high-precision machining
and to reduce the total cutting time.

Keywords :High-Speed Machining (247}8), Feed-Forward Control (=24 Ao}). Software
Acceleration /Deceleration (&ZEs]o] 7}7+4), Distorted Tool Path (s]=® FTIAR),

1TLME

* Addign A)Fe
At A3 gty

_15_



o] d -0 Al ¥

22714 BofolA NC(Numerical Control)$% CNC
(Computerized Numerical Control)9] £38& A4t &
oA SAE B A A2EL AATICH, M £
ofd o & WAL F v AL BAAA FU
23 Agxe FEY 2L /MRS dAdE 2/
(High-Speed and High-Precision Machining) 71
o o ARE e 277 UQAAT H7 7R 89l 7]
Ao Ags :& AWE(2I0000 ~ 30000 rev/min),
277)& 59 olfE 8l HAsA XA 29 |
o] 2a|AE CNC 71€3 dEo) F43Q 7le59] &
Hog Qs n&/aAxd U A& EA e
20 QPP

CNCel MAZolg & 4 Ue BY, Y&, v= 3
A n&/a3T Aojd W A7t i 1 Folo
15712 S 9% T AA, 1AE P& A71H 84
o et Akl Wt AT CNCY Aol A
~dlo|q QA9 P-#o} (P-Control)ol HEXSE A
o} (Feedforward Control)E =dt9 ZZLaHPath
Errors)® 2ASAG PO negge Aojd g
FhzaAe] Beo wat AZAY AE splEe i
Ao] (Learning Control) & Edtd 718 #3<] dig A
L QPPN 347130 Foj2l Be e 7t
2A2E Y4 ARE o) g3l AFHIH(Linear Inter-
polation)e} obd HA4¥ HZF(Nonlinear Interpolati-
on)& B8 2&713S F@sD Ao

o)XY 1&7}R U B ATEL UFE AE A

23 olore] Wi Eo|tt B =FE JEEHE Ao
Bolo 1&/nAE 7124 U M2 dug A
B gth ZAI|AA CNCe AZES 71&E
AHgsto g Azt B4 He, n&E Al
Azale vey @A Jehdt ke AEEY
Au| (a2 B, FANUC 15MB)dME 1718 o
3 g 7|5 AFEAT 7189 dEEe] Al(dE
S5 FANUC OME)dMe n&7bsel daide viv
& 715S 73 vk n&7HECl W e VsE 2
$aln oz suige I Bre] AEF e ¢
AR A g, A n&7Hgd sl 71&e] g
AulE Betn n&Ugd o gaEsd o#E =
By B =R Exo] gl

B =RiAE AZEYC 7174e 313 WHE got
B3 MY ZE 7S Al AZES 0] TRzt
Aske BAR (AR W) o] FAFEE B

=

=9
"=

_16_

ES A T3 ATES
AR S sidshe W A

ekl A A 32 Y
2ol Z2)da @A Agse

o JM&ez YAste
(Arezs A4rtg Al
Wzl v mala] AgtE dauEd E&AE Bt 1
27kg Ao 878E ARAUEs WA F e W
He AAs FEPEE BAE st AArtel
ntg FFAE A e vadd o 95
F e e Adstnat g

2. CNC FEADIB1} 7132t
ZR7|Ae] AL PFANTE RAe HAE AEE A
Aste Ao glojA et ozl FAVIAE At
RE 7|4 4A 9} CNCE Arele AEEY gAY 3%
#HAY Aot Pt JEHEE VEHFIUA FFY A
A o)4&EE 2~FAm/min7HA S8 1E/I4%
7tme 71& BAAY A2t o]$£E(0.1~0.5m/min)
o} wjmald oF 20 ~ 50u)e] Ml o]h&T Aol B
o Aol 2 A o] BTk,

2R n&7FEe] ZA BAEA £ AL wlola
2raAde Hadse FFNE AR BHY R4,
J|1Ale A% 22ln 1& AWE §9 A ol
gy Zello) B0 TAVA AAIAE FE5EE, 2H
2 HojBe Mil&r T zdET I w¥EE &
H &Y &% B4 AP &% 5o P4E B nsd
2 Adsted =d3z AxY, CNCY AN dAlE A
B wEel $ey, sol2zzeAde A Y, ses
o) AA 71&7 AZEYAY ML Bl H L
TE N oEN 147HEE AdsE T do

q&7gd njnlg 71%uo) AYEE 71E9 ONC
EEYE 3&7t7 Ad AEEEs "olded aA
AR 8A% AT Az Azt od 7t R
Y P gurskA Helo dile ARE WA
23l7] gBolth ONC AEE Y Agrhi&oz Qldt
o 7}2AE7} QAR ue 71A] E3hy] el

sl
e
2

2.1 AZEQ0| JIA&T 22X WY

CNCE F&olgolt} Ajoldo] i AH RE7}
7158 Wt A ol Feae H9E FH871 4
sl ATEY O] &S AHgER stk A7ldE AA

8 7472 H¥l(Linear Acceleration/deceleration



FZA7IAYHA A 7R A 5 5 1998, 10.

pattern), A% 717t W™ (Exponential Accelerat-
ion/deceleration pattern), 28z W2y sipa
W& (Parabolic Acceleration/deceleration pattern)o]
A% A 247HEE Adse AEEH(FANUC
ISM)& 713l XY 7134118 ALedl7) o] &
ErdME AHY 1S AU AMese, £4e 47“
3a AlgsoldE it} dA|9 FANUC OM RE

3 BHE ol g3l HAl 1S P Yol A4y 7}
% HHE AHSsEE, FANUC OMe] AAbzoA
€ AFE 1S A3 g folt),

ANE M HYe 9iAoz Rig 19 ze
€ #on, FIR(Finite Impulse Response) ¥EE A}
&3hs A¢ BHAZ 5ole &% Z2ddo] FIR Iy
s tAd AE2M(Digital Convolution)o] &3t =
AY 7R 45 Zasyo] Hygrinusis

Feedrate

Timzn

— Ty —»!

4— Ty —

t f2 3 tg g fs & s

Fig.1 Feedrate profile of linear acceleration/
deceleration.
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Fig.2 Linear contouring on XY plane of 2-Axis under
the automatic acceleration/deceleration (Fi(x,
y): x-X axis cutting feedrate, y-Y axis cutting
feedrate).

(a) X axis
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(b) Y axis
Fig.3 An example of feedrate profile under the
automatic acceleration/deceleration.
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Fig.4 Three methods distorting the original tool
path(F1:1000mm/min, F2:2000mm/min).
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Fig.5 Generation procedure of the distorted tool path.
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Fig. 6 Distorting the original tool path and
generating the new tool path.
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(d) Ki=0.09, K2=0.2
Fig.7 Tool path errors according to the
adjacent-ratio-constant.
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Fig.9 The comparison of three feedrate profiles.
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Fig.10 The Distorted tool path and simulated tool
path (acceleration/deceleration time: 256msec).
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Fig.16 A machined workpiece and a tool path(acceleration/deceleration time : 128msec).
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Fig.17 A machined workpiece and a tool path(acceleration/deceleration time : 256mscc).
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